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Abstract
fhJW17TlC71tS  ILICI’C ~lC~fCW’llled Ullt\l  <L71 (LUtOlllOtCd

1)1 S1101  2TlSlJCCtiC171  S@7rl t]l[lt detCCt<S @(!71tl{ll  fklUIS

by [OTllpLLrillg  T’ejerc7Lce  UILLt CO  IIL~IaliSOTL  ilILUfgCS.

~’hlW  TlLLLi71  C0711J)071C71tS  C71[L[UUtCd  U?’(’: 1) i7l1U!/C-

differeTLci TLg-  bused  umbicTLt light COTILJ1[:ll.~(LtiO?l,  2 )
CICCtVOTliC-S]LU ttCT’i7Lg-bUSf:[[ OTIlf/iC71t li,q}Lt rcjec~io7L,
and 3) image registration. ~’ht?. l’C.SUftS illdicatc thLLt
t}lC UTIlfliCllt lig}lt COl~l~EllS(Lti071 U[gOrithTll yiCkh  [~. ~1 %
to O.~% false flaws ulit}L lab-simulated slLnlig}Lt cltang-
ing froln 25% to 100% irLtcrLsity.  EICCtIOTLiC  shvttcring
with synchronized  strobe liglLtirLg reduces false flauls
COllSidtVdLhJ.  As mposure S h o r t e n s  fl’orrl 1/60 (fully
0Jlf2U) t o  1 / 1 0 0 0  secolLd,  fukc fkLILM drcrcusc 100-fold
flort[  O.~% to O. 004%. ~he c71rTent rcgistmtioTL algo-
rit}LTr[ corrects u very limited r(Lngc of 7nisrcgistrotion,
[XM’I’L?Ctil Lg a~}~~r(?li~ll(ltdy 4 Jlil(h LLf JIUre t1’(L71S!(Lti07  L(L[

s h i f t s  owl’  the i71spectioll  sur face.  A  7tLol(! r o b u s t  ilIL -
age 7 egistratioli (Llgorit}LTn t}lat ccLTL  c o r r e c t  Lot}t traTLs -

latiolLal  and rotational s~Lifts oucr 10 pizcls T\ Lislcgis-
tration toould  k }Lig}Lly des irable ,
K e y w o r d s : vision,  autolnated illspcctio]l,  alnl)icllt
liglit coln~mlsation,  itnage cliffcrculcillg,  xegistratioll

1 Introduction
.Automatcd  robotic ins~]ec.tio~l of sl)ace ~Jlatforrns

suc]l as tile Int,erllatiollal  S~Mce Stat,iml is Cxjwct,ed to
be alL i]n~)ortant  ele~nent tc] offload tiltl[-coxlsulrliilg
il]s}]wtion  activities fro~~l astronauts [I]. ‘1’hc Jet
I’repulsion Laboratory rccmt]y  dcnwlo}ml  SUCII  a Ic-
~llote surface ilqwctioll (RSI) system, and dclnoIi-
st,rated it successfully 011 tile groulld  i~i a co]lstraillcd
lab environment [2][3][4]. TILe JPL RS1 systcvn dcM-
qmcl through 19!35 is ctcscribccl in clctail ill [4]. Ihr-
thm  c~lhancements ~nadc ill 1996 t op,etlier witli ~K!I-
forlllallcc evaluatio~l  ex~mriments are dcsc~ibcd  irl [5].

Tl]e system sup~mrts four ty~m  of ins~wctiorl: 1 )
automated visual ins~wctio]l, 2 )  eddy currc~lt SC1lSO1’
l)ascd surface crack i~lslmctioll, 3) tcxnrmrature  illslmc-
tio]l, a!ld 4)  gas  leak it]s~wcticnl.  our eln~)]lasis  ill
1996 l)as txwl  to m]ha~lce tile autmnated v i sua l  ill-
s}wctio~l  ca~~abi]ity for Inore xoi)ust  fla~v dct,ectiml atld
to evaluate its ~wrforluallcc. TILc elllla~lccd liSl sys-
t,e~ll l]as km) cleliwred  to tile N A S A  ,Jollnsoll Sl)ace
Grit 0 Autolnat  cd Rolwtic  Nfaint cnancc  of Sj)ace St ;i-

timl (AI{MSS) facility fc)r oil-site  test arid twbnology
clc’lllc)llstratic)ll  c)f Kmlc)tc  surface ills~JCCtiO1l ca~)abili-
tics to tllc SIJacc Statioll  Prog;raln.

l’i]is I]aj)er  de sc r ibe s  cxlmilllcmts  }ritll this crl-
IIallcecl autol[lated  visual i[lsl,cction  system. Scct,iorl
2 descrit)es tbc J] ’I, .Auto~nat~,d I~ls~)ectio~l Syste~n i~l
~ilow detail. Sectio~l 3 describes tlie 2-D and 3-I) fta~v
detection process. Secticms 4, 5, and 6 present expcr-
i]llental  results oIl ambient light conl~]ellsatiori,  elec-
tlollic Slluttcring:  and image registratioxi,  resl)ectively.
Scctic)li 7 describes ol)cratio~lal experiluents  that were
co~lductcd.  Finallyl Sccticm 8 discusses t}le system li~n-
itatimls a~ld dcksirecl future ellllancenlcnts,

2 JPL Automated Visual Inspection
system and Enhancements

l~isual i~ls~wctio~l ancl fla~~ detectiml  is  a cri t ical
allct labor-illtctlsivc  maintenallcc  task, ~)articularly ill
},azarclous c,,,,iro~,n,cnts  sucl, a s  space. Ol,e ~,artic-
u]arly useful ar)plicatiorl of this  techllology  to reduce
~vork]oad  is tile ins~)ection of tbe exterior of the Intcr-
~latio!lal S~)acc Station fox damage due to micronlete-
o!ites,  orbital debris, or corrosion from atomic oxygen,

III on-orbit s~)ace apldications  such as Space Sta-
t io~l surface inspection, tbe ambient lighting colldi-
timls I[lay cbarlge  drastically due to SUI1  orientation
cllallges. 1$’llell reference and colnparison  images are
takml uIlde~ clifferent  ambier)t l ight ing cox]ditions, a
situj)]e ilnage differcqlcin,g will genc!rate  too IIlaIIJ’ fake
alarltis  ciL]c to cbangcs irl shading. A si[nple  but im-
~)ractical  solutio!l to this  proble~n is to block ambi-
ellt light co~nplete]y and use o]lly the controlled lights
(e.g., strobe lights) ~[lountecl CH] tl]e robot arm end ef-
fecter.  A clever ~)ractical  solution that achieves tbe
same efrect is tile ambient light compensation process
devclqmd  allcl in~ljlc~ne~lted for the JPL auto~uated
visual itls~wctio~l systeln  [3]. F’irst, tbe surface image
is takctl  \vitll t,tle co]ltrollecl lights  on, and immediately .
tllcmaftel t}le image is tatwl again with tile lights off.
l’lie diffcmlcillg  of tbe ti~’o i~rlages results it] a corn-
~wrlsated “co~ltrollc:cl light only’)  image that appears
as if tbele were lko ambient lighting. Tlie automated
visual ills~]ecticnl uses t,tle conl~mlisated rmfercnce  aud
coln~]arisoli images to detect c}latlges as ~)otcntial  fla~vs
by illlagc dift’crmlci~lg.



.

TIic ilnagillg systcnn of tllc JI’1, alttorllzitcd itl-
sl~ccticm systcml  c o n s i s t s  of calllcras,  st 101JC Iigllts,
all il[lagc l~mccssor,  allcl a sirnulatd  sulllig}lt source.
T’]vo  colo~ ~(;I) Callleras \vit IL elect ro~lic sllut,t erillg
(!l’oshi]m  IK-M41A) a~ld two strol)c  l ights  (EG&(;
hl\JS5(KK))  arc lnou~]tcd OIL tlic mid o f  a smwl-dof
Robotics l{mcarcll Ckmporatioll  arm as lmrt  of all i[l-
tegratwl  xnulti-selm)r  e n d  cffcctor. 1’lLc cvltirc  robot
arlll i s  lllountJecl o n  a  l-dof IIlol]ilc  rail ~]latforln.
T’lle collll)lltcl-co~  ltrollal~le  strotw  Iig}kt is syIlclkroni7,ed
\vitll ttle electrmlic  shutte[ing to reduce allll}imt light
energy to l/16t}l  of tllc ulAluttcrwl aIllOU1lt !vllilc still
ca~)turing  t}lc cvltitc strobe  ~)ulse. Silnulated  sur]lig]lt
is ])rovided at olle-te~ltll  orbital int Cllsity by a 1.5 kl!’
xeI]olI  atc lam]) o~l a ~)ati-tilt-rail  lnou~lt.

Tl)c real-tilnc  softlvare for lnallil)ulatm  colitrol and
autolllatcd  visual irlslmtion lmides  ill a VME c}lassis,
run[lillg oll tllc Vx\Yorks xcal-tilnc  olmating systetll,
A I):itacuk LlaxVideo-20(1  tmard  \vitll a ~[]illi-~varlm
is used for real-time i~nagc }JI ocessil!g.

Sc)ft\vare  to control  tl)e r emote - s i t e  i]lslmtio~l
system froln the local-site o~mator  cm]trol statiol]
(liouscd  itl a Space Station cu~)ola l[locku~))  il,cluc]es a
Eradllcal  user interface which allo~vs t]lc USCI t,o  Clcfillc-, .
axld Inodify inspectio~i  ~)atlls, catalog detected  flawx,
HIOW the robot arm interactivc]y,  and execute ~)re-
d e f i n e d  scri~)ts.  Tile ol)crator  Illay also illsl)cct tllc
mockup by manual]y  teleoperatirlg  tllc arlns  if desired.
A 3-D gtapl)ical  sinlulatio~l of the testbcd  a~ld a video
mo~litoring  systeln  help to ~)rovictc the olmator  \ritti
situational awrarcmess \\ritllout a clircct vicnv.

The c)l)erator  interface has k’cIL c]iha~]ced  by ill-
collmratin.g  commatld  scril)ts  tc~ suj)port  ttlrcc  O~WI-
ational  modes for visual i~ls~)ection: quasi-static hu-
Inall visual il:s~mction. quasi-static autol[latcd  visual
ills~wction, and continuous-xI1otion  autmnated v i sua l
iIls~wctioIL. A  refeIenc.e  iltiage dis~)la~ ~virldo~v  has
tmm adcled to facilitate the ol)crator’s  image cornpar-
iso~l fo~ fla}v ~narking  decisio]ls.

3 Flaw Detection
All ins]) ectiou taskt)oard  (Figure 1) \vas dcsignccl

for ttle exl)erimellts.  It i]lcor~mrates a resolution test
pattml allcl a variety  of surface relief features atld
slnall structures SUC1l as st,alldoffs to create  complex
shadm,s.  The inspectio~l  taslil]oarci cmlsists  o f  tllrec
~)airs of pa~le]s: flat 2-D, coxlcavc holes (bare metal
a~ld ~)ai~lted)/convex  t)unl~)s, and 3-1) structure scc-
tio!ls. The bottom right pallcl is silk-  scremlcd ~vitll a
2-D test  pattern for lneasurillg  itls~wctio~l resolution
by dctectillgtest “flaws” of varic)ussizesj  s}la~ws, atld
l)atterlls.  Silnulatecl flaws, fol cxallll)le black, g[ey,or
ccI]oI’cd  ta~jc ~)atcllc!s, ca~t k added to tllc 3-I) lmlels
l)lic)rtoillsl,cct,ioll  ex~)eriments.

Experimcrlts  wittl tile 2-D test pattern indicate  ttlat
tllc Itlini]lluln detectable fla~v size at a clistallcc of a~k
l)xoxi~llately  29 cIn was bet\vecll 0.3 a~ld 2.5 xnril, dw
IImidillg  01) tile sllalw al]d c)riclltatioll of tllc fla~v, a s

m~- ‘ “Ww--.. . . . . . . . - -

Figure  1: Taslihoard  sllo~vill~ 3-I) structures and 2-I)
test ~)attmrl

l==~+~;=1. long, thin horiz triall~le

.::::y.~al3. black-oll-\vhite  clots
4. gray -orl-~vhite  dc)ts

I’able 1: 2-D fla}v detectio~l  results using full intellsity
SU1l laln~)

S] IOLYII  irl l’a~)]e  1. LOIY co~)tl ast flaws ~vere not de-
tected

Fla\v detection for the three di~netlsio~lal surfaces of
tile irlslwctioxl  taskboard  is illustrated in Figures 2-4,
Figure 2 sho}vs a ra}r image of the taskboard  contain-
i~lg ILO fiatvs,  illulninated  by full i~ltellsity simulated
sunlight, USCCI as the refcrer]cc  image. Figure 3 shows
:i ra~v com~)arison image cmltainirlg  flaws simulated by
~)ieces of black ta~)e. The illumination \vas reduced to
50X using a xleutral  density filter for this  comparison
itrlagc. Figure 4 S11OWS  the flaws detected after anlbi-
mlt light co]npcnsation  a~ld ilnage differellcin.  g.

Altllougll  t,lle a~nbient light level \vas changed dras-
t i c a l l y ,  the autol[lated  v i s u a l  i n s p e c t i o n  system cor- -
~ect]y detects t}le actual ftaws. h’ote, }Iowever, that
SOIIIC  false fla~i,s urerc ,getlerated clue t o  inllwrfect. a m -
t)ietlt light coln~)cnsatioli. A  rot)ust insl)ection sys-
tem sl]ould rllinimizc false flaws under any lighting
and IIlisregistration  conditiorks. In  our  experimellts,
ttle ~)ercenta.ge  of ~)ixels indicated as false flaw’s ~vas
used t o qua~lt ify l)erformance  of the system. A per-
fect ilislwctio~l systcv[lj  of course, ~vcmlcl detect  no false
fiai~s,



Fig, u[-e 2: Raw reference i~nage with 100% ambicmt
light illumination

4 Ambient Light Compensation
Alnbient  light compensation is pcrfoxnlwi  by sulJ-

tracting an arllbiexlt-ligllt-orlly  image frorrt a strobe +
alnbicmt  lit image. These images arc sampled from all
interlaced scan (2ClD video camera, Tile vidcc] can-
cra generates 30 cornpletc  frames ~wr sccor)d. Each
frame coxlsists of two fields of alternate sca!l lilies. The
strobe  cluratiorl is ap~mcmitnate]y 20 micl osccorlds,  so
orlly one field (i.e., every other scarl line) is illunli-
na t ed  by tile strotm. Tile ra~v image is a complete
frame Consisting of interlaced strobe  + a~llbierlt arlcl
arnbierit-on]y lines. The t~vo half-resolutiorl  fields are
rtifferenccd,  resulting in a half-resolution image \rlLicll
a~)~mars as if illurninatec] only by tile strok.

DifTerellcin.g of the raw images to gmlcrate  a con~-
~mr]satecl i m a g e  requi~cs  that tllc ~)ixel ir]tcnsity o f
tile digitized irnagc k li;lear ~vitll rcxpect  to the ;[)ci-
dent light erlergy. \’icleo cart ]eras t ypically  irlcor~mrat c
gamma correction clesigued to com~)e[)sate for t,tle llon-
li]lear response of the hul]la~l eye. Lirlcarity  is restored
ill our irispection  s~stem via a calibratiorl  looku~)  ta-
ble. Also, automatic gairl control is ciisabled.

TILe jmrforrnance  of a~nbieut l ight  cornlmlsatiorl
uas evaluated by acquiri]lg  referer]ce  and corn~)arisoll
i]]l:iges  of iclcmtical surfaces urldw differertt corlditior)s
o f  incidc~lce arl,gle and itlt,ensity. Anj flaws detected
are the result of inl~mrfcct  corn~mrlsatiorl.  F,lectronic
sllutt,erillg }vas clisab]ed for this  ex~lerilnent  ill C)KICI to
evaluate  arnhierlt light corn} mlsatjiorl  ill isolatiorl. Ipig-
ure 5 snows all alnbieut  light coln~wllsated  i;llage. Tile
co]n~)erlsatiorl  process results irl a half resolutiorl  inl-
a.ge t IIat is r elatiwly dark.  Faillt ghost outlitles  c)f ttle
L’enloved slladotvs  can be sr’crL  - tliesc are elilnillated

Figure 3: Ra\v cornparisorl irrlage with 50%, ambient
lig}lt illurnil]ation

wlleti electronic spluttering is used. Figure 6 show’s
tile false flaws detected when the refererlce image was
takcnl at 0% intensity (dark) and the comparisorl  im-
age takerl at 100% intensity, the worst case. Figure 7
~Jlots  the increase it] the number of false flaw’s as the
difrermlce in illumiuatiori  int,erlsity between the refer-
erlcc atld conl~)al-isorl  images il)creascs.

5 Electronic Shattering
Arl electroriic  shutter that controls the C(3D charge

iritegratioll  time call help reject  a~nhient light by min-
irtlizirlg the ambient light energy reaching the C~D,
~vit}lout diminishing the strobe light energy. LJsi~Lg
tl)e electronic shutter requires careful synchrorlizatiorl
of tile video shutter with tile strobe light.

Figure 6 slicm’s  false flaws detected using a reference
i]tlag(’ \\’it]l 110 aIIlbiC!Ilt illLII[lillZitiOIl aIld a C.OIIl~)arkOIl

irtlage lvit}l IOOZ  arnt)icmt illumination at full open
s}lutter ( 16.7 r[ls).  The false flaws occur at tile edges
of ambient light shadow’s and at bright specular high-
lights. Figure  8 shows the improvement garnered by
usirlg a shutter ciuration of 1 rns. All the false fiaw,s
at tile slladc)w edges have beer] eliminated. Figure 9
SILOMS tile reduction in the ~)ercentage  of fake fla~{r  })ix-
els as shutter duration is dec~eased.

TILe xie~v electronic shutterin,g  wit]l synchronized
st rot]e  lig]lt,illg  drastically  reduces fake fiav’ genera-
tiorl. As the shutter o~]erl duratiorl  decreases from
1 /60  S (CO1ltillLIOUS  cxl)osure) to 1/1000 s (1/16  expo-
sure), tile false fla~v yielcl ~)ercmtagc  decreases from
0.4fi  to 0.004 (Z, res~)cctively. This result  demon-
strates a clralllatic 100-folcl reduction of false flaw’s  by
using a 1 /1000 s slluttcr spcwd.



Figure  5: A]ubicnt light compcnmted  image
Figure 4: Flaw blob image ~vit,h 50%, ambient light
illunlillatioll

6 Image Registration
Fla\r  dctec~io~l requires a reference irnagc which

may have kctl acquired some time hefcm the ccm-
parlsoll  image. Due to rxywatability  errors in l)ositiorl-
illg the robot  arm ~vhich llcdds the canlera,  the views
~llay differ sonle~~hat. Registration of tllc two vim’s is
therefore necessary to avoid false flaws.

Oul  visual surface ins~wction process uses an ite[-
ative fitting algorithm to correct misrwgistratiorl  par-
alkl to t}w image plalic. Lo\v-pass  blurring  filters of
various sizes are used to implement a mult i-resolutio~l
nlinimizatioll  technique. Misregistratio~l  due to errors
in orientlatiori  or scaling are not comctjecl.

Results indicate that tile current image re.gis~ta-
tion algorithm corrects up to about, 4 pixels of ~mre
translational shifts of video ilnages. III ~mactical situ-
ations, the repetitive l)ositiollitlg l)rccisioxl of a robclt
c]]c] eff’ec’tor ec]uipr)c!d With an inspection  camera  i s
lilnited,  resultiug  ill a slight l)ositiolling  variatio~~ ill
all six degrees of freedom. Tests s]louf tl]at  the cur-
~ cut 2-degree-of-freedonl iruag,e rcgistratiml  algcmitllxll
is only marginally effective, a~]d must be cxtcnlded tc)
lla~lcllc all six degrees of freedonl for ltlorc robust im-
age I-egistratic)ll.

Figure 10 plots tile pcrforlnallce  of tile registratio~l
algcwitt~m. Aftm a reference image was ac.cluirec], the
taskbc)arc]  Tvas mc)vecl by a ste})~m Il}otor  i n  il]crc’-
lllcmts of 0.05 mm, resulti~lg  in all il~iagc shift of about
1 /10 pixel. Tbe fla~~ detection  al.gcmithlu ignores fla~vs
smaller thatl  abc)ut 1.5 ~)ixck ill sire, a~ld t,tle regist,  ra-
tioll algoritllln  corlects  nlislc’gistratioli  tc) a lnaxinlultl
c)f abcmt 2.5 ~)ixels. T1te systeln is tolera~lt c)f lnisreg-
ist I atio]ls of u~) tc) about 4 ~)ixcls (about 2 It]nl \Y}lell

tile caulera  is about  29.5  CIU a~vay). hlote that  the
algorithm corlsisteutly  uudmccmrects  misregistrations
e\ml slualler  than 2.5 pixels.

7 operational Experiments
After the systcvo comporlerlt level experiments, op-

erational level cx~wriments were performed to compare
three ]uodes  of o~)eratious:  quasi-static human visual
illslwctior), quasi-static auto~uated  visual itlsr)ection,
alicl co])tilluc)tls-lllc)tioll  automated visual inspcxtiou.
rm to time limitations, ouly very preliminary exper-
i]l!m]ts  nave becII performed. ~’relinliuary  trial runs
suggest that tl]e current image registratioll algorithm
neccls subst.alitial  c~llla~lcemcnts.

8 Discussion
OuI cxpcriluerltal  resul ts  ilidicate  that tbe auto-

nlated  visual insl)ection syster[l could be an able as-
sistallt  to llunlall visual itis~mction for lvwic)dic main-
tel)allce  iris~mction  of the International Space Station.
The automated visual ins~)ection  system could save a
cm~sidcxable amount of bumarl  visual inspection time
if the Ilcw surface flaws are very few’ and over a large
ilLspected surface area. Tl~e autcmated visual  itmpec-
tion syste~[l ccmlcl alsc) point to potential flaws that
tllc llunla]l olwrator  might have missecl inaclvertently.

Tile ins~)ectiorl  system  i s  l i m i t e d  by t h e  cluality of  -
tl)c videc] i~nagcs.  Ambient light cornI)ensatiorl, as cur-
rellt}y im~)letuented,  reduces the resolution of the i~u- .
agc by 50%, as M’ell as reclucing tlic intensity. Tile lo}v
int,mlsity images are very susce~)tible  to Iloise.

Saturatic)xl of the ~~1)  causes  iutensitjf  nonlineari-
ty ill tile ra~v images ~vllicll call result ill false flaws
lwillg detectecl i~l bright areas, especially in specular
Ieflect ions. Sat urat ioll is curl entlj:  avoiclecl by usil]g
a ~uallually ol]crated  ruecllaliical  lrls tc) attenuate the



,.

~i~ul(’ 6: ~ds(’ fhWrS  CaUSCd h~ illLIIIliWitiOIl iIltCllSitJ’

c}iauge.

int,erlsity of tile scene. However,  this also decreases
the sensitivity of the camera  in dim illulninatiorl.  Lixl-
eariziug the response  of the ca~[lera also effecti~wly ~e-
cluces the dynamic range of the i~nage.

The system gerlcratm  false fia~vs due to rotat,io~lal
misrcgistratiorl,  tvhich is llot corrected by t,t]c rcgis-
tratiou algoritl)rn. It is also vf!ry sellsitive  to mistegis-
trations  due to positiouiug  errors ~mrpctldicula~  to tile
ins~wcted surface (i.e., scali~]g nlisregistratic)  ~]).

Ti)e automated visual inslmction  develo~ml  so fat
llC!C’Ck  furthm mlhallce]ncmts  for practical usc i~l tllc
SII;ice Statioll.  ‘I%rec rnajol’ mlllallccl~lc~lts  dmiwcl  are
listed line.

1

2

The current iluage registratio:l  al.goritlllll has a
very liltlite.cl range  o f  itna.ge rcgistratioxl  c.al~a-
bi]ity. It ca~i correct  Only aI)JJroxirlLately  4 l)ix-
els of translatio]lal  shifts ow!r tile iusIJectioll  sur-
face. Siuce tile accurate ~)ositiollillg,  of a robot
arml equi~)~mcl  writh  an insrml,ioll  calt)era  is diffi-
cult, a more robust image registration algcmitlltll
that ca~] correct both trauslatiollal a]ld rotational
shifts over 10 pixels ]]lis-rc,gist[atic)~l  is }Iigllly de-
sirable,

l’ile curlellt  strc)bc l i g h t  has a fixed light e]l-
ergy level. A co!uputc~-  cmltrolled  stlolw  l i g h t
energy co~ltrol  to adjust tile strobe light e~)mgy
level de~mldiug U1)OI]  surface pro~wrties is desir-
able ill order to nlake autonlatccl  visual irlsr)ectioll
\vol k I)roperly  over cfiffmmit surfaces \\,itll a~)l)ro-
~Jriate light intcusity  levels for strolwlit video ill~-
ages. 111 conjullctioll,  Other tecillliques  to illcrcasc

Co”, fa”mlo” for  Ambenl Lqhl Inlen,,!y
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Figule  7: I’ercmltage fia}v ~)ixt!ls  iu flal~rlms ilnagc!s foi
diff’crellt  iutulsitie.s.  RefcreI1ce ituage ~vas not illunli-
l~ated by atnl)icnt light.

01 ada~)t tllc cfy~lamic r a n g e  o f  tlm c.alnera are
IIeedecl.

3. Tile current systcnu uses tcleoI)eration  to geuerate
a sca~l path for visual irlsl)cctioll. It assumes an
accurate re~matable l)ositiollillg  of a robot arlll
hasc luxllling 0]] a ~llobile platform. Iu the actual
S~)acc Statioll  eu~’iroxlnlcmt, this may not be tlte
case, allcl alL initial  caxuera posit iouiug procedure
~uay be necessary that is sufficiently accurate and
xe~)eatat)le, for exam~)le, by usillg the 3-D ~r~odel-
basecf vi,tual leality  calibratio,l  tecllrlic,ue  [6] .

9 Conclusion
[i’c h a v e  m’aluatcd tl]e performatlce  of all auto-

Inatcd v i sua l  irLsl)c!ctio~l  syste~~l. Eiect,lonic shutter-
i!lg uas S~mYII to t)e a highly dfcc.tive xmthod  for re-
jecting  alllbient  light. The ol)eratio~lal limitatio~ls of
eat]) colul)onent of the Syst,enl were })resented.  o u r
wsults  slto~v that fla~v clc!tectiml  performs WC1l  ul~der
ccltaill  collditimls.  Further work is required tc] make
tllc systcl]l robust urlder arbitrary alubient  lighting,
col)clitiolls a~id larger ca~nera  ~)ositioniug errors.
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